Drymaria cordata (Caryophyllaceae), commonly known as Abhijalo in Sikkimese-Tibetan, is a creeping herb grown in tropical and subtropical regions of the world. It is used by ethnic groups of Sikkim, North-East India, for the treatment of various diseases including diabetes. This study aimed to investigate the antidiabetic effect of methanol extract from D. cordata leaf (DCME) in streptozotocin (STZ) and nicotinamide (NA)-induced type 2 diabetes in rats. Diabetic Wistar albino rats were treated with DCME at 200 mg/kg and 400 mg/kg orally for 28 days. Metformin (150 mg/kg b.w.) was used as a reference drug. Fasting blood glucose (FBG) level; serum biochemical parameters; and liver, kidney, and antioxidant parameters were estimated, and pancreatic histopathology was performed after 28 days of treatment. Administration of DCME to STZ-NA-induced diabetic rats at 200 mg/kg and 400 mg/kg orally for 28 days exhibited statistically significant (P < 0.05) and dose-dependent reduction of FBG, glycosylated hemoglobin, serum lipid, and hepatorenal antioxidative parameters in DCME-treated groups when compared to those of diabetic controls. Histopathological studies of pancreas in DCME-treated rats showed improvement in β-cell density compared to diabetic group. The results demonstrate the significant antidiabetic potential of D. cordata leaf in albino rats plausibly by reducing oxidative stress and serum lipids levels, justifying the folkloric use of this plant in the treatment of diabetes.
INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by the elevation of blood sugar level (hyperglycemia), hyperlipidemia or dyslipidemia, and glycosuria, generally due to insulin resistance or insulin deficiency. There are several etiological factors involved in the development of type 2 diabetes (noninsulin-dependent diabetes mellitus), namely, genetic factor, age, diet, obesity, and lifestyle. Since the last couple of decades, it was observed that type 2 diabetes has become a global health problem. As estimated by the World Health Organization, more than 176 million people are suffering from this disease globally. [1] In the Western countries, diabetes mostly develops with advancement in age, but in Asian countries, it affects mostly young to middle-aged population. Various associated macrovascular (cerebrovascular and cardiovascular diseases) and microvascular complications (neuropathy, retinopathy, and nephropathy) develop during diabetes. It has been suggested that enhanced generation of free radicals, Journal of Advanced Pharmaceutical Technology & Research | Volume 11 | Issue 1 | January-March 2020 oxidative stress, and deficiency of endogenous antioxidants are the cardinal issues in the development of diabetic complications. [2] Studies have shown that diabetes elicits redox imbalance of endogenous antioxidant system of our body by overproduction of free radicals (reactive oxygen and nitrogenous species) that are responsible for various cellular and subcellular detrimental changes, thus aggravating the condition. Recent studies suggest that implication of antioxidants in diet or as medicine is an alternative tool for the management of diabetic complications. The plant kingdom offers an untapped source of antioxidant agents which require thorough exploitation. [3, 4] Drymaria cordata (Linn.) Willd. and Schult. (Caryophyllaceae), commonly known as tropical chickweed in English, is a creeping herb that grows in dense patches in moist shady places and also in dry, sun-exposed tropical and subtropical regions of the world. Its stems are green and slender, leaves are opposite and cordate with short petiole, and flowers are small and green. [5] Usage of this plant in agriculture and traditional medicine has been reported in African, Asian, and American countries. [6] In Cameroon, the plant is used in the treatment of peptic ulcer, headaches, nephritis, and female infertility. [5] In Nigerian folk medicine, D. cordata is used to treat sleeping disorders, convulsions, and febrile conditions in children. [7] In Meghalaya, North-East India, this herb is used to cure cough and acute cold attack, sinusitis, burn, snake bite, burns, and skin diseases. [8] In Sikkim, North-East India, this plant is commonly known as Abhijalo in Sikkimese-Tibetan. The local community people of Sikkim use this plant for the treatment of various ailments such as pneumonia, infant fever, sinusitis, nose blockade, headache, and fever. [9] The Nepali tribal practitioners of Sikkim use this whole herb as a folk medicine for the treatment of diabetes. [10] D. cordata has previously been reported to possess antitussive, [8] antibacterial, [11] anti-inflammatory, [7] anxiolytic, [12] analgesic, [13] and cytotoxic activities. [14] Despite having the above-mentioned ethnomedicinal use in diabetes, till now, there is no study investigating its antidiabetic property. Hence, an experimental attempt has been made to assess the possible antidiabetic effect of D. Cordata leaf against streptozotocin (STZ) and nicotinamide (NA)-induced type-2 diabetes in rats to validate the traditional use of this plant in the management of diabetes.
MATERIALS AND METHODS

Plant material
The plant D. cordata (L.) Willd. and Schult. (Family: Caryophyllaceae) was collected from Bermiok, South Sikkim, India, during the month of July 2018. The plant specimen was identified by David Lalsama Baite, Scientist-in-Charge, Botanical Survey of India (BSI), Sikkim Himalayan Regional Center (SHRC), Gangtok, Sikkim -737 103, India, and the voucher specimen had been deposited and accessioned at the Herbarium of BSI, SHRC, Gangtok, India, with acronym BSHC (Accession No. 0239).
Preparation of extract
Fresh leaves of D. cordata were thoroughly washed and cleaned with tap water. Then, the leaves were dried under shade, ground mechanically, and kept in an airtight container. Powdered plant material (300 g) was extracted successively with petroleum ether (60°C-80°C), chloroform, and methanol in a Soxhlet extractor. The methanol extract was concentrated in vacuo to obtain the dry extract (methanol extract from D. cordata [DCME], 11.06% w/w) which was stored at 4°C for use in the study.
Experimental animals
Adult male Wistar albino rats (150-200 g) of mature normoglycemic, with fasting blood glucose (FBG) levels of 85-90 mg/dL, and Swiss albino mice (20-25 g) used in this study were obtained from the registered breeder -Saha Enterprise, Kolkata (Reg. no. 1828/PO/BT/S/15/CPCSEA). The animals were maintained under standard environmental conditions and had free access to standard diet and water ad libitum. The rats were housed at an ambient temperature of 25°C with 12 h light/dark cycle. All the animal experimental procedures described were reviewed and approved by the University's Animal Ethical
In-vitro antidiabetic assays
Alpha amylase inhibition assay
This assay was performed according to the standard method with minor modifications. Different concentrations (10, 20, Journal of Advanced Pharmaceutical Technology & Research | Volume 11 | Issue 1 | January-March 2020 40, 60, 80, and 100 μg/ml) of standard (acarbose) and DCME were prepared in prelabeled test tubes. 50-μl phosphate buffer (100 mM, pH: 6.8) and 10-μl α-amylase (2 U/ml) were added in each test tube and incubated at 37°C for 30 min. Then, the 20 μl of 1% soluble starch (100 mM phosphate buffer pH: 6.8) was added as a substrate and incubated further at 37°C for 30 min; 100 μl of the DNS color reagent was then added and boiled for 10 min. The absorbance of the resulting mixture was measured at 540 nm using a spectrophotometer (Chemline-1320, Chemline India Ltd., New Delhi, India). Without test (DCME) or standard, the reaction mixture was set up in parallel as control, and each experiment was performed in triplicates. The results were expressed as percentage inhibition, which was calculated using the following formula. [17] Inhibitory activity (%) = (1 − As/Ac) ×100
Where
As is the absorbance in the presence of test substance and Ac is that of control.
Alpha-glucosidase inhibition assay
The α-glucosidase inhibitory activity of DCME was carried out according to the standard method with slight modifications. Varying concentrations (10, 20, 40, 60, 80, and 100 μg/ml) of standard (acarbose) and DCME were prepared in prelabeled test tubes. Then, 50-μl phosphate buffer (100 mM, pH: 6.8) and 10-μl alpha-glucosidase (1 U/ml) were added in each test tube and preincubated at 37°C for 15 min. Then, 20-μl p-nitrophenyl-α-glucopyranoside (P-NPG, 5 mM) was added as a substrate and incubated further at 37°C for 20 min. The reaction was stopped by adding 50-μl Na 2 CO 3 ( 0.1 M). The absorbance of the released p-nitrophenol was measured at 405 nm by using spectrophotometer (Chemline-1320). Without standard or test (DCME), the reaction mixture was set up in parallel as a control, and each experiment was performed in triplicates. The results were expressed as percentage inhibition, which was calculated using the following formula. [17] Inhibitory activity (%) = (1 − As/Ac) ×100
Where As is the absorbance in the presence of test substance and Ac is the absorbance of control.
In-vivo antidiabetic activity
Experimental induction of diabetes
Before diabetes induction, the rats were fasted for 18 h without withdrawing drinking water. STZ was dissolved in 0.1 M citrate buffer (pH: 4.5) just before administration and NA was administered (110 mg/kg, b.w., i.p.) 15 min before administration of STZ. Then, STZ was administered (45 mg/kg, b.w., i.p.). Diabetic status was confirmed by estimating the FBG level. Animals having FBG level ≥250 mg/dl were selected for further antidiabetic study. [18] Oral glucose tolerance test
The oral glucose tolerance test (OGTT) was carried out in overnight fasted normal glycemic (85-90 mg/dl) rats. The rats were divided into three groups (n = 6): Group I served as normal control and received distilled water (5 mL/kg b.w., p.o.), and Groups II and III received DCME at doses of 200 and 400 mg/kg b.w., p.o., respectively. After these treatments, all the groups received glucose (2 g/kg b.w.) orally. Blood was withdrawn from the tail vein just prior to and 30, 60, and 120 min after oral glucose administration. [19] The blood glucose levels were measured using a single-touch glucometer (Contour TS, Bayer Healthcare AG, Leverkusen, Germany).
Experimental design
The experimental protocol was designed for 28 days. The rats were divided into five groups, with six animals in each group (n = 6). 
Estimation of glycosylated hemoglobin level
Glycosylated hemoglobin (HbA1c) level was determined from whole blood sample by using commercially available assay kits (Coral Clinical System, Tulip diagnostics Pvt. Ltd., India).
Estimation of serum biochemical parameters
After 28 days of treatment, i.e., at the 29 th day, all the rats were kept in fasting condition for 12 h and anesthetized with ether. Then, the anesthetized rats were sacrificed by cervical decapitation method. Blood was collected from cardiac puncture. Serum was separated by centrifugation at 3000 rpm for 10 min. The collected serum was analyzed for various biochemical parameters such as serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), serum alkaline phosphatase (SALP), and total protein by commercially available assay kits (Arkray Helathcare Pvt. Ltd., Mumbai, Maharashtra, India).
Evaluation of serum lipid profile
Serum lipids such as total cholesterol, high-density lipoprotein (HDL)-cholesterol, and triglyceride in STZ-NA-induced diabetic rats were determined by using commercially available kits (Span Diagnostics Ltd., Surat, Gujarat, India).
Estimation of tissue antioxidant parameters
Livers and kidneys collected from the sacrificed animals were homogenized separately in 10 ml of phosphate buffer (20 mM, pH: 7.4) and centrifuged at 12,000 rpm for 30 min at 4°C. The supernatants were collected, and lipid peroxidation (LPO) (malondialdehyde [MDA]), GSH, and superoxide dismutase (SOD) were estimated by using commercially available reagent kits (Erba Diagnostics, Mumbai, Maharashtra, India).
Histopathological studies
Histopathological studies were carried out with the parts of pancreas which were isolated from the sacrificed rats. The tissues were washed with normal saline and immediately fixed in 10% formalin for 24 h, dehydrated with alcohol, embedded in paraffin, and then cut into 4-5-μm-thick sections and stained with hematoxylin-eosin dye for photomicroscopic observations done at ×40.
Statistical analysis
All the data were expressed as mean ± standard error of mean. The results were analyzed for statistical significance by one-way analysis of variance followed by post hoc Dunnett's test using Graph pad prism 5.0 software (Graph Pad Software, San Diego USA). P < 0.05 was considered statistically significant.
RESULTS
Preliminary phytochemical studies
This revealed the presence of triterpenoids, steroids, alkaloids, and flavonoids in DCME.
Acute toxicity study
No toxicity was observed after the administration of DCME up to 2000 mg/kg b.w. in mice. Two doses of DCME 200 mg/ kg b.w. and 400 mg/kg b.w. were selected for the present study.
In-vitro alpha amylase and alpha-glucosidase inhibitory activity
This in-vitro study revealed the presence of DCME alpha amylase and alpha-glucosidase inhibitory activity, and the corresponding IC 50 values were found to be 85.32 ± 5.11 μg/ml and 59.66 ± 7.21 μg/ml, respectively [ Figure 1 ].
Oral glucose tolerance test
The OGTT was performed on normal glycemic rats (85-90 mg/dl). After glucose administration to the normal rats, blood glucose levels increased in the first 30 min and gradually decreased in 60 min and became normal in 120 min, which has been shown in Table 1 .
Fasting blood glucose and body weight
It was found that FBG level was statistically significantly (P < 0.05) elevated in STZ-NA-induced diabetic rats as compared to the normal control group. On administration of DCME in diabetic rats at the doses of 200 and 400 mg/kg for 28 days, statistically significant (P < 0.05) reduction of FBG level toward normal was found as compared to the diabetic control group [ Table 2 ]. The final body weights were statistically significantly (P < 0.05) decreased in the diabetic control group as compared to the normal control group. Administration of DCME at the doses of 200 and 400 mg/kg statistically significantly (P < 0.05) improved the body weight when compared to the diabetic control group, which has been shown in Table 3 . 
Glycosylated hemoglobin
HbA1c level was found decreasing in DCME-treated rats statistically significantly (P < 0.05) when compared to diabetic rats [ Figure 2 ].
Serum biochemical parameters
Serum biochemical parameters such as SALP, SGOT, SGPT showed statistically significant (P < 0.05) reduction in DCME-treated group when compared to the STZ-NA control group. Content of total protein increased in the treated group when compared to the STZ-NA control [ Figure 3 ].
Serum lipid profile
Serum lipid profile such as triglyceride and total cholesterol level was statistically significantly (P < 0.05) higher in diabetic rats compared to normal rats, and HDL level statistically significantly (P < 0.05) decreased in diabetic rats compared to normal rats. After administration of DCME at the doses of 200 mg/kg and 400 mg/kg b.w., triglyceride and total cholesterol level statistically significantly (P < 0.05) reduced and HDL level statistically significantly (P < 0.05) increased, when compared to the diabetic control group [ Figure 4 ].
Tissue antioxidant parameters
Hepatic and renal MDA levels statistically significantly (P < 0.05) reduced, and SOD and GSH levels statistically significantly (P < 0.05) elevated and MDA level decreased statistically significantly (P < 0.05) in DCME-treated rats compared to diabetic rats [ Figure 5 ].
Histopathology of pancreas
Pancreatic histopathological observations revealed that DCME-treated groups exhibited marked pancreatic β-cell protective activity. There was dose-dependent gradual improvement of pancreatic β-cell density in DCME-treated groups as compared to diabetic rats [ Figure 6 ].
DISCUSSION
The present study probes the antidiabetic, antihyperlipidemic, and antioxidant activities of methanol extract of D. cordata leaf (DCME) in STZ-NA-induced diabetic rats. D. cordata has various ethnomedicinal uses in North-East India. Along with diet control and exercise, oral hypoglycemics have conventionally been used in the treatment of type 2 diabetes. Although these agents can control hyperglycemia and glycosuria, they increase cardiovascular complications and cannot prevent the associated macrovascular and microvascular complications in the long term. [20] Medicinal plants and natural products thereof historically possessed a paramount impact in drug discovery and served as the pivot of premature medications. [21] This has been made a vista in the pursuit of alternative options from traditional or folk medicine to treat this disease.
From the acute toxicity study, DCME was found to be safe orally at the dose of 2000 mg/kg. Alpha-amylase and alpha-glucosidase are endo-enzymes of the digestive tract which are responsible for the hydrolysis of starch and disaccharides to glucose and breakdown of long-chain carbohydrates. The inhibitors of these enzymes are considered as the potential targets in the management of diabetes mellitus. [22] In-vitro assays showed that DCME have in-vitro alpha-amylase and alpha-glucosidase inhibitory activity, and it can be suggested from the results that DCME can reduce the absorption of monosaccharides which helps control blood sugar level. OGTT was performed to determine the clearance of glucose from blood with time after glucose intake. It is an important parameter to determine diabetic status and insulin resistance. [23] It was found that DCME have significant glucose tolerance effect when compared with normal control group. Administration of DCME at the oral doses of 200 mg/kg and 400 mg/kg b.w. per day to rats for 28 days demonstrated the antidiabetic activity by significantly lowering the FBG level when compared with diabetic control rats.
Concentration of HbA1c in blood is an important diagnostic parameter to determine diabetic condition, indicating the state of glycemia. HbA1c level ≥6.5% is considered as a high-risk state of diabetes, and it is directly proportional to the FBG content. DCME significantly reduced HbA1c level in diabetic rats. In diabetic condition, it is observed that free fatty acids' level in systemic circulation is increased. The circulating free fatty acids have deleterious effect on the endothelial functions by various pathways and mechanisms which include free radical generation and protein kinase C activation, and thus aggravate dyslipidemia. [24] Dyslipidemia implies high plasma level of triglycerides, low-density lipoprotein-cholesterol, cholesterol, and low plasma level of HDL-cholesterol. In diabetic condition, free radicals' (reactive oxygen and nitrogen species) production is increased due to less or no scavenging of these excess free radicals, resulting in increased oxidative stress. [25] Oxidative stress leads to several micro-and macrovascular complications of diabetes (as stated in introduction). It was observed that DCME has significant lipid (triglyceride and total cholesterol)-lowering ability when compared with diabetic control. HDL-cholesterol, which is regarded as good cholesterol, significantly increased in DCME-treated groups.
During diabetic condition, endogenous antioxidant mechanism becomes less effective to scavenge overproduced free radicals, which causes several pathophysiological changes in different organs. Liver and kidney are important vital organs of storage, detoxification, metabolism, and excretion of metabolites and xenobiotics, so they are particularly vulnerable to oxidative damage. The reason of liver and kidney tissue destruction is oxidative stress involving the secretion of cytokines, mainly tumor necrosis factor-α, interleukin-1, and interferon-c. [26] Due to hepatotoxicity, liver function enzymes, namely, SGOT, SGPT, and SALP levels become increased. It was observed that in diabetic group, serum hepatic marker levels were significantly higher than that of the normal control group. SGOT, SGPT, and SALP levels significantly reduced toward the normal values after 28 days of treatment with DCME when compared with those of diabetic control.
Free radicals such as superoxide (o 2 − ) and hydroxyl (OH − ) cause initiation of tissue LPO. LPO is usually measured by the formation of TBA reactive substance, i.e., MDA. [27] Increased levels of hepatic and renal MDA in diabetic rats indicated the impairment of endogenous antioxidant systems. In DCME-treated groups, MDA level decreased significantly compared to diabetic control which reveals that DCME has protective property over oxidative damage at cellular level.
SOD is an important endogenous enzymatic antioxidant which helps to protect organs from oxidative damage by free radicals. GSH serves as a nonenzymatic endogenous antioxidant system which detoxifies hydrogen peroxide radical with the help of glutathione peroxidase and prevents LPO. [28] In diabetic control group, SOD and GSH were depleted due to oxidative insult and less synthesis of GSH in diabetic condition. Hepatic and renal SOD activities and GSH levels were significantly elevated in DCME-treated rats compared to diabetic control rats, indicating prominent boasting of endogenous antioxidative defense prevalent at tissue level of DCME-treated diabetic rats.
Histopathological examination of pancreas of DCME-treated diabetic rats showed dose-dependent improvement in β-cell density compared to diabetic control group, indicating development at cellular level by DCME treatment.
It was evident from the present study that DCME demonstrated marked antidiabetic activity in albino rats in a dose-dependent manner. Preliminary phytochemical studies indicated the presence of flavonoids and alkaloids in DCME. Flavonoids are well-reviewed putative natural antioxidants. [29, 30] Previous researchers reported that the aerial parts of D. cordata contained flavonoids which had antioxidant property. [31] The observed antioxidative effect in vivo may be due to the presence of flavonoids. The results demonstrate significant antidiabetic potential of D. cordata leaf plausibly through abrogation of excess oxidative stress and serum lipid levels, corroborating the traditional use of this plant in folk medicine of Sikkim, North-East India. To the best of our knowledge, this is the first report of antidiabetic evaluation of D. cordata.
